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ripheral memory device, such as a disc file. It , 
next user's program from peripheral stora 8®; 
for 20 milliseconds, re stores it, proceeds to the 
and so on until, in round-robin fashion, it has 
the first user. The first user's program will 
a second “quantum" of processing, and the cy 
tinue as before. Many other time-sharing me* 
this one are, however, now in use. 

To understand time sharing and its pro 
future, let us first pay some attention to its 

A Short History of Time Sharin 

In the Fifties it was clear to many computer 

(1) computers would eventually think. 

(2) the main problems would lie in kno 
do and how to do it, 

(3) computers would help us to do it, 

(4) that doing what we decided to do w 
programming task, 

(5) that computers would help us do th< 
ming tasks, and 

(61 that we needed systems and langn 
lowed us to use the capabiliues of co 
the extent of our needs. 

Our first main problem was an economic one 
see that researchers would benefit from conttn 
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see that researcners wouiu — 

to the most capable (and most expensive) ma 
no one was about to give a new IBM 704 to ea 
interested in contributing to science although 
impressive arguments to the effect that it wo 
doing this for at least some people! , 

Strangely enough, however, all the needs o • 
vidual could be met by only a small part of a b g 
capabilities provided these capabilities were 
(o? shared) properly in time. This problem ha 
tacked and solved in the area of allowing mp. 
devices to share the time of the “ntra pro 
Clark of Lincoln Laboratory of Mass. Inst. of 
not only designed a most impressive mpu««puB 
ssstem into the TX-2 computer, but he dearly 
in 1954, in a memo entided “The Multi-SequencJ* 
Concept,'' exactly how to write a subroutine ca 
simultaneous execution by many different ca 
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• Evtry S-«xpr*s*ion is •»**♦' • • »«o»ic 
or a "dotted pair": » s«qu«act of an op«n 
parenthesis, an S-«xpressi o», * period, 
••other S-expressi on, »nd a closed 
parenthesis. Ex«nplosi 
ftT0miUriBER3 


< 0 . 8 ) 

<<R.B>.C> 
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* The sub of the nuaber of opoa parentheses and 
the nuaber of closed parentheses in an 
S-expression is always 


• 0 
• 2 

a any even nuaber 

• any nuaber except 

* any nuaber 


Time sharing should make feasible the use of a 
computer as a programmed teaching machine. 
Above are two sample frames as appearing on 
the scope of a PDP-1. If 2000 users shared a 
computer renting for $1 million a year and each 
station was used for 2000 hours a year, the 
hourly cost for each user would be 25 cents. 


limitations the computers were unable to achieve a desir- 
able memory size. At M.I.T. John McCarthy and Prof. 
Marvin Minsky were pushing for modification to the then 
IBM 704 computer to do time sharing for program test- 
ing. Various committees considered the question: work, 
progressed in a variety of directions that today includes 
the present Compatible Time-Sharing System 3 , developed 
under the leadership of Professor Fernando Corbato. and 
now in operation at M.I.T, 

With the 709 and 7090 computer, many problems were 
present, since the computer was not designed in any way 
whatever for interaction with people. Early experimenta- 
tion was made possible however by the development of a 
flexowriter control subchannel on the 709 by Professor 
Herbert Teager at M.I.T. I 

Meanwhile several of us had the notion that if we took 
a computer that was ideally suited for human interaction, 
and made just those minimum modifications necessary for 
time sharing, we could achieve a running system at an 
early date. We managed to think of a trick that allowed 
the. PDP-1 computer to be time shared by up to approxi- 
mately 20 users. The trick was the ‘memory swap.” This 
was a very fast way to copy the entire core memory onto 
a drum field and replace the contents of core memory 
with information from another drum field. The total 
elapsed time to accomplish such a memory swap in the 
system design was always exactly one drum revolution 
regardless of the starting time: and the word rate was two 
word transfers per memory cycle. This meant that users 
could be shuttled in and out so fast that many users could 


operate essentially simultaneously. We viewed the 
swap as a substitute for the desired large core — 
with high input-output rates. The PDP-1 was 
Reel, and a time-sharing system was written. 1 

The early success of the PDP-I time sharing 
which took place at Bolt, Beranek and Newman 
mainly a credit to the design of the PDP-1 com 
This computer was designed by Benjamin Gurley ai 
tal Equipment Corporation and was already an on 
ing machine for man-computer interaction. It 
fast and very inexpensive. Most important is tl 
that the design of the machine very greatly facilitat 
necessary modifications to accomplish time shari 
initial operation of the BBX time-sharing system w, 
ccssful. It emphasized the necessity for absolute h M 
protection and the reliable operation of executive 
in order to prevent damaging interaction amon 
Since the demand for computer time at Bolt, Bera 
Newman could be met by a normally operating^ 
and since the PDP-1 was already an inexpensive o 
to operate, time sharing did not establish itself 
a normal mode of operation. 
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» treiiwly important to minimize the time for recompiling. 
1 Carnegie Tech techniques have been developed that 
jp essence allow the compiler to recompile only the parts 
^ the program that change as a consequence of the medi- 
ation. leaving the rest of it alone. That part which 
it does compile is done quite efficiently. The net result 
^ ver v fast turn-around. In addition the notion of using 
a singl- language for all aspects of communicating with 
jjj e coi: ater is good; communications with the control 
Astern, ^mmunications with a text editor, communica- 
tioiis with a debugging system, and programming, are 
jll accomplished in the same language and handled by 
the same compiler. 

Professor McCarthy who is now at Stanford University 
jj implementing a system involving a time-shared PDP-1 
„hich will be closely tied to an IBM 7090 computer. He 
jj 3S already demonstrated the operation of a LISP 2 system 
that ties the excellent man-machine interaction capabili- 
ties of ‘h= PDP-1 to the computational power of the 7090. 


Modifying the IBM 7090 for Time Sharii 

Meanwhile at M.I.T., the 709 computer was 
by a 7090 and modifications continued. The b 
of operation was very similar to the BBN system 
core bank in both computers held the executive ; 
and users were swapped in and out of the other 
The 7090 system was and is greatly handicapped 
fact that no very-high-speed In-Out transfer system , 
able for that computer. The task of creating 
patible Time-Sharing System for the 7090 was mu 
in magnitude than the BBN time-sharing syste 
the fact that a goal was to retain compatibility 
ing 7090 systems and to provide very comple 
filing, and debugging, facilities for the users. Ii 
International have used the M.I.T. compatible j 
ing system and with two exceptions we find it; 
The exceptions are (i) delay due to the lack of 
transfer capability and (ii) the general probk 
enough core memory. 
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Other Time-Sharing Developments 

In various places around the country compu 
began to realize the importance of this new 
and various approaches and attacks on the pro 
started. Again at M.I.T. under the general 
Professor Jack Dennis, a PDP-1 was being m 
way somewhat similar to the BBN system for a 
use. A major distinction however was that it 
pa ted that time sharing would be a very co 
of operation in order to supply sufficient compm 
capabilities and interaction capabilities to the 
dents clamoring for time on the PDP-1. 

At the Carnegie Institute of Technology under ; 
eral direction of Professor Alan Perlis, a system!: 
implemented on the CDC G-20 which would all 
shared operation. In particular, what is being em; 
at Carnegie Tech is the development of lan 
programming systems that allow programmers to 
with the computer in a high-level language such as . 
but one which includes also all levels of languag 
to machine code for that computer. Two very ini 
aspects are (i) the ability of the system to accept ana 
programs written in the algebraic language and (u 
to most efficiendy convert these to machine ax 
cannot overemphasize the importance of this - 
sharing, for any time-sharing user who interacts 
computer would like to continually modify his 
in symbolic form and then recompile and. try a 
haps once every few minutes. With such a 


System Development Corp.’s Q-32 
Time-Shared Computer 

Bv far the most ambitious hardware program yet initi- 
ated in tiie area of time sharing is taking place at the 
System Development Corporation in Santa Monica, Cali- 
fornia. There a very large, verv- fast computer known as 
; die AN FSQ-32V is being modified for time-shared opera- 
tion. Modifications include the necessary protection, die 
addition of a peripheral PDP-l computer to facilitate 
user interaction, the acquisition of additional memory, and 
install. • n of many in-out teletypewriters and consoles. 
The t . computer, is in our opinion more ideally suited 
to the of time sharing than any other operating com- 
! puter. 1'he reasons are (i) it is very fast, essentially 400,000 
instructions per second, (ii) it sustains very high in-out 
transfer rates at approximately 400.000 48-bit words per 
second simultaneous with execution at the previously men- 
tioned rate. (iii)l it has a large core memory which can and 
will be expanded, (iv) it has a very-high-speed drum system 
, which can effect block transfers to and from core memory 
at high speed, and (v) the design of the computer should 
■ event urTiv allow very reliable operation. A project under 
the di- ion of Jules Schwartz is rapidly approaching the 
goal o. .ai operational time-sharing system. While much 
of the programmed systems are operational, hardware 
modifications are at present being made. The capabili- 
ties of the SDC system will be so great during its span of 
useful life (until it is superseded), that computer people 
®ust think of it as a valuable national asset. 
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Project MAC at M.I.T. 

Perhaps the most recent significant event in the develop- 
ment of time sharing is the initiation of Project MAC 
(Mach: -Aided Cognition) at M.I.T. This program, under 
di. :ion of Professor Robert Fano, is sponsored by 
Auv.tnced Research Projects Agency. The project 
na me, MAC, is an acronym derived from two tides: Ma- 
rine-Aided Cognition, expressing the chief project ob- 
jective, and Multiple Access Computer, describing its major 
tool- One of Project MAC’S major tasks is the development 
of a large time-shared computer system at M.I.T. MAC’s 
muial operating system will be a duplicate of the MJ.T 
Compatible Time-Sharing System. 3 The CTSS includes 
executive. scheduling, debugging, assembler-compiler and 
mput-ov.:put devices. The programming languages now 
soo> to be available in CTSS are FORTRAN, FAP, 
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COMIT, and LISP. Others are planned for future 
fusion. Project MAC has recendy sponsored a six- 
* ee ^' summer study program, at which invited partid- 
T a nts discussed various aspects of dme-sharing systems and 
^Perimented with the M.I.T. time-sharing system and 
js e f*DP-l computer. 


Within Project MAC, Professor Marvin Minsky’s group 
is working to assemble a powerful “Mathematical Labora- 
tory” system. 0 The goal is to invoke computer assistance 
for manipulation of symbolic mathematical expressions. 
They hope that the system will make it as convenient to 
apply complicated transformations to complicated expres- 
sions as it is to manipulate simple entities with pencil 
and paper. The system is to be able to handle the full 
range of ordinary informal mathematical notation; it is 
felt that compromise here would alienate mathematicians. 
It uses scope, keyboard, and console with light pens and 
switches. 

Symbolic and numerical calculation will be done by the 
time-shared IBM 7094 computer, while the display, editing, 
ancl filing and retrieval systems will be managed by a 
PDP-1 computer (DEC). The more complex mathema- 
tical operations will use the list-processing system called 
LISP: the picture-language compilations will also use 
LISP. The system will have full facilities for use of nu- 
merical and graphical methods (when analysis fails), and 
these will be mediated by machine-language programs 
assembled by a LISP-controlIed compiler. 

A number of parts of the system exist now in tentative 
version, including a working hand-writing input system 
(ARGUS, written for the system by W. Teitelman), a 
PDP-1 mathematical-expression-picture compiler (written 
by P. Samson), and a system for visual examination of 
direction fields and singularities (written by Minsky), as 
well as a number of LISP functions for mathematical op- 
erations. Close cooperation is planned with McCarthy’s 
group in Stanford. 


The Significant Features of Time-Sharing Systems 

Time-sharing systems have many features common to 
other types of real-time, on-line computer systems. For 
example, program interrupts are necessary to permit in- 
dividual users to gain access to the central computer; an 
“executive” or “monitor” program is required to super- 
vise the over-all operation of the system; and so on. The 
major difference is that, in a true time-sharing system, 
the user is not limited to the use of a central program 
or programs. He is, instead, free to run and debug his 
own program just as he would if he had direct access to 
his own computer. 

Time sharing offers a great benefit where programs 
requiring a large degree of user interaction with the 
computer are involved. This is true, for example, in: 
debugging computer programs (perhaps the most com- 
mon example); using computer teaching machines: heuris- 
tic computer applications such as game-playing programs; 
and other similar applications. Such programs are nor- 
mally highly inefficient in terms of computer processing 
time, since the computer is continually being required to 
wait for the extremely slow reactions of the human user 
before continuing with its processing. In fact, in most 
cases, the computer would have ample time while it is 
waiting for a single user, to attend to the needs of several 
other users. Time sharing offers a technique or system by 
means of which this may, in fact, be done. 

A major advantage therefore of time sharing in such 
situations is the economy involved. While it is normally 
highly expensive to utilize the full time of a non-time- 
shared computer for a leisurely debugging session, it be- 
comes much more feasible under a time-sharing system. 

There are, of course, many special hardware and soft- 
ware requirements for time sharing. We will attempt to 
describe some of the more important of these briefly. 


Input-Output Equipment . 

While there may be a central set of conventional input- 
output equipment, such as high-speed line printers, readers 
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and punches. :ape units, and a maintenance console, users 
will normally *nin access to a time-sharing system by means 
of individual-user consoles. These may consist of simply 
a typewriter or teletypewriter: they may be located in 
large numbers in individual offices. They may in some 
cases also include display scopes, light pens, and other 
similar facilities. 

A user console should meet three important criteria: 
First, it should be relatively cheap both in purchase and 
installation cost. Second, it should be simple to use. 
Third, it must be possible to connect consoles to the 
computer in large numbers, if desired, without unduly 
restricting the computer's capabilities. 

Special Memory Requirements 

It is important that the central computer core memory’ 
be relatively large if many of the most important benefits 
of time sharing are to be realized. It may be desirable, 
for example, to include a major portion of the program 
library in core memory as a means of reducing input- 
output time requirements. At a minimum, an executive, 
a compiler. :.r.d some associated control programs should 
be in core. In addition, common subroutines which may 
be running : r several users at the same time may also 
be included. 

Fortunate!;., time sharing itself will tend to make large 
memories economically feasible. Since many users will, 
in effect, be 'haring the cost of the computer, a larger 
capital investment will be justified than in the case of 
a conventional computer facility. 

In a time-O.uring system, it mav be both feasible and 
desirable for -he. computer itself :<> serve as a place for 
storing dat.». r«»r this purpose f.i't-.utess peripheral mem- 
ories (such iisc memories) mLhi replace punched cards 
and paper ->r magnetic tape currently used for this pur- 
pose. Use «f peripheral memories for this purpose may- 
be feasible dr.ee the cost of using the computer in a time- 
sharing system may well be cheaper than the cost of re- 
cording data »n cards or tape, in addition, storing data 
in a computer will undoubtedly he more convenient than 
on cards or tape, not only because of the faster access 
time, but because various editing, checking, and re- 
trieval service' may be available in a time-sharing system 
to assist the user. For these and related functions, the 
installation in the time-sharing computer system of an 
extremely large, fast-access disc memory may be highly 
desirable. This type of memory would be very useful, 
for example, for holding "buikv” programs and data 
which pass in and out of core fairly often. 

Special Processor Requirements 

The use of a very fast single central processor which 
shared its time among the various users would have as 
its main advantage a high-speed single-sequence capa- 
bility. However, in a time-sharing system, it would be 
necessary for the central processor to alternate rapidly 
between the programs of the diderent users. Each time 
it switched from one user’s program to another’s, it would 
have to deposit in memory all the contents of the "active'' 
registers — such as the accumulator — and subsequently re- 
store them to their original positions. The loss of time 
resulting from this disadvantage should be measured 
against the advantage of a high single-sequence speed. 

The problem of frequently storing and restoring infor- 
mation for time-sharing purposes might be lessened by 
the use of several central processors rather than one. 
Furthermore, a system consisting of several processors 
would have a higher collective information processing 
rate than would a single processor . 4 Such a system would, 
however, be somewhat more complex than a system based 
on the use of a single processor. 
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In some cases, a special processor may be desir^ 
process input and output alone. In the S.D..C. time- 
system a PDP-1 computer will be used as a peri 
input-output processor for the Q-32. This is exil 
among other things, to facilitate the complex job/§ 
commodating the system to the demands of a large it 
of users. 

Time-Sharing Languages and Programs| 

While time sharing can be accomplished withon 
modifications to compiler programs, this does not ^ 
the very great potential efficiency which may resulfg 
the modification of a compiler for specific time- 
purposes. For example, many important characi 
of a time-sharing compiler are realized in the systeri| 
ing implemented by the Carnegie Tech group 
and others) for the CDC G-20 computer. Their systt 
eludes such features as rapid compilation, disc file ste 
and partial recompilation. 

In addition, however, for maximum efficiency^ 
time-sharing system a compiler should be a "pu 
cedure," and should be capable of compiling pn 
as pure procedures. For example, a compiler 
JOVIAL could be modified to compile programs 
procedures. 

In addition to a language used to write procet 
programs, it is necessary to have a language withj? 
users may communicate with the time-sharing sysM 
self. This is variously called an executive, monijt 
control language. By means of the control languaS 
user may gain access to his own programs and dabUsj 
in the computer as well as to special services wh ” 
desires to use. The control language would, in add^ 
serve a function similar to that of some monitor s 
which are available on larger computers. The 
the user to specify that he wants his program • 
run. dumped, etc. The monitor performs aUgl 
operations in sequence, moving rapidly from onie^ 
the next, under the control of a previously prepaid 
gram. Similarly, the control system used in timejp 
must be able to bring specific requested progran 
out of memory and perform such operations orij 
In addition, if a requested program is already in i35 
the control program must ascertain this fact 
bring it in again. When a user no longer ne 
gram, it must check to see if any other user no 
program and. if not, remove it from memory. ' 

Time-Sharing Services 

A major argument for time sharing is that it3 
sents a way by which a digital computer can provf 
ful services to many people. In particular, we*." 
mind the sendees that a computer can provide^ 
searchers, scientists, engineers and programme 
ever, these or similar sendees would also be appH 
to the general scientific and engineering communij 

Desk-Calculator Services 

As a first step those services that are presently 
in different types of computers could be con 
and made available to the users of a time-sharing 
For example, on several small computers, sue) 
LGP-30, there exist fairly elaborate “desk-calculati 
grams. These are programs that cause the comp 
simulate a very sophisticated desk calculator. Vei 
these desk-calculator programs perform variable^ 
arithmetic, floating point or fixed-point, and perfon 
other types of computation. These computations^ 
not only standard arithmetic operations (addition 
traction, multiplication, division) but also stand 
onometric functions such as sine, cosine, and 
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‘. e ll .is the logarithmic and exponential functions. In 
35 h systems, numbers may be designated as integers, 
ft wimal fractions, or floating point numbers. In fact, 
* 7 ^Hie svstems even the exponent part of floating point 
1,1 nibers may be designated in any of these ways. As far 
- nU t he human users can detect, most computation is per- 
JJrmed instantaneously. 

Scope Displays and Light Pens 

With --e availability of consoles that have scope dis- 
hvs and light pens, we can do much more powerful 
Shim's- In general, the whole area of graphical display 
iid" the construction of pictures or drawings can be 
uechanized. A scientist can draw on “electronic graph 
n er " a function of two or more variables. The “elec- 
uonic graph paper” would be, in fact, a scope display, 
and the drawing made with a light pen. Examples of such 
svstems are the CDC Digigraphic System, which is a set 
j elaborate programs residing in a computer, which has 
K a sc0 . light pen, and bulk storage device; and the 
sketch" program written by Ivan Sutherland when at 
M I.T. which * s programmed on the TX-2 computer. 
In add i non there is a program for constructing drawings 
(“Expend' c Draftsman”), written by Alan Kotok and 
Peter Samson at M.I.T. for the PDP-1. There is also an 
annotation program written by Weldon Clark of Bolt 
Beranek and Newman. All of these programs allow users 
to construct drawings by putting together lines in a fairly 
flexible manner. They allow the user to specify precisely 
what hr wants: often in great detail. This information 
may r !'-n be acted on in many different ways. For ex- 
ampl' '.e data can be put into the computer in tabular 
form. mav be approximated by various functions. In 
using ;::is service, an electrical engineer might draw the 
bandpass characteristics of a filter, type in other param- 
eters, and ask the computer to type out the poles and 
zeroes of such a filter. 


Text Editing Programs 

In addition, there are available several text editing 
■ programs which aid in the writing of computer programs 
themselves. They allow the insertion, deletion, addition 
[1 and '.acement of text material. Of these general text 
edito: >ome make use of a visual scope display. They 
allow the display of a portion of text on the scope so that 
one can quickly verify that the text has been changed 
correctlv. or as an - aid to the rapid location of areas of 
interest. 

Intercommunication 

One of the benefits of a time-sharing system may be to 
allow a highly useful intercommunication among the 
users of the system. For example, it could provide general 
gg messajr routing and distribution. Messages would be 
distri .:ed from one user to another by name, distribu- 
tion . specific user category, or other more complicated 
criteria. An additional advantage of a time-sharing sys- 
tem mav lie in its ability to provide person-to-person com- 
munication on an “information retrieval” basis. For 
example, the system could have available information 
that answers questions such as “Who should I contact to 
find out this information?” It could "accept a question 
a nd transmit it to the person mentioned. It could delay 
transmission until the person is present. It could accept 
a replv which is delayed until the receiver is present. It 
c°ulr in other words, serve as a programmable delayed 
•nter. mraunication net. 

Memory Protection 

A time-sharing computer must be able to protect areas 
> °f memory from inadvertent changes caused by users. This 
[ "lay be done, for example, by establishing two boundary 
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registers changeable only by an executive routine. These 
would control the portion of the memory which could be 
changed by the operating program. All operations might 
be allowed into the general memory except for store op- 
erations. which change the contents of memory registers. 

If a store operation were attempted outside its estab- 
lished boundaries, an "interrupt” would be initiated which 
would not allow the operation to be completed. 

Memory Relocation 

Since many programs will be coming in and out of 
core memory at various times, probably from discs or 
drums, and since the sum of all programs will not fit 
into core at once, it may be necessary for the computer 
to relocate programs in memory from time to time. This 
may be accomplished by the use of a memory relocation 
register. For example, each program might be written 
with the addresses of its instructions relative to either 
their original location or the location of the first instruc- 
tion in the program. This would allow the program to 
be conveniently loaded into, and operated from, any part 
of memory. Memory relocation may also be accomplished 
by the use of the program counter as an index register, 
or by means of relative addressing. 

Priorities 

Since there are. many users who can tie up machines 
of essentially indefinitely great capacity, it is clear that an 
equitable system for distribution of time among various 
users is needed. A simple solution is to share the time 
evenlv among users on a round-robin basis. In operation 
the time-sharing system will transfer control from one 
user to the next, allotting a certain number of milliseconds 
to each for operation and input and output if necessary. 
However, any user’s program that determines that it does 
not need to run its allotted time will dismiss itself sooner, 
allowing faster circulation among the rest. In any case, 
programs will be put on the list on the basis of interrupts 
that signal the users’ requests for service. The only real 
or imoortant criterion as to whether the system acts fast 
enough is the length of time that users have to wait. 

Tolerable Delays 

The system should be able to respond to users without 
excessive or objectionable delays. Delays may result from 
one or more of the following causes: 

(i) Delays resulting from inability to accept input data. 
Such delays may result, for example, when a maxi- 
mum number of users saturate the system; in such 
cases, one or more users must terminate their use 
of the machine before the machine can become 
available to additional users. It should be noted 
in this connection that systems can be designed 
which can accept input data from an essentially un- 
limited number of users. However, this capability 
does not alleviate an inability to process data for 
all users in a reasonable time. 

(ii) Delays in reaction time. Assuming it is possible for 
for the machine to accept input data, there may be 
a delay involved in the time required for the ma- 
chine to commence processing the data. 

(iii) Delays in computation time. Assuming the ma- 
chine has commenced processing the data, there 
may be a delay involved in the processing time 
itself. Since there will always be problems that 
take many hours of computer time to solve, we will 
be most concerned with delays encountered during 
the use of such services as editors, compilers, de- 
bugging routines, etc. 

(iv) Delays for services which must be scheduled in 
advance. It will probably be necessary for some 
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services, such as requirements for the use of full 
machine memory capability, maximum computer 
speed, or use of special equipment, to be scheduled 
in advance. Delays in obtaining such sendees 
should not be excessive. 

Reliability 

It is extremely important that the system possess a degree 
of reliabilitv sufficient to ensure adequate service to the 
users. Specifically, the system should possess the following 
characteristics: 

(i) A non-volatile memory. All reasonable precautions 
shall be taken to insure against the inadvertent loss 
of the contents of the memory. In addition to en- 
suring an inherent built-in reliability of the com- 
puter in this respect, an additional safeguard might 
be instituted by establishing a daily dump, onto 
magnetic tape, of all computer memory (including 
disc files). This would ensure that the information 
entrusted to the time-sharing system by users would 
be available in a relatively up-to-date form in case 
of a catastrophic loss of computer memorv. 

(ii) A minimum of computer down-time. Availability 
of the computer for users of the system should be 
maximized by minimizing the amount of down- 
time resulting from scheduled and unscheduled 


Some Final Remarks 

The quest for knowledge leads our intellect in various 
directions. The realization that numerical computation 
was analogous to various mechanical and electrical inter- 
actions allowed the development of ever more powerful 
aids to computation, culminating in the modern electronic 
digital computer. 

Strangely enough, today’s computers are often usefullv 
employed in applications where they do little computa- 
tion. Where are we going and why? 

Today, computers as presentlv programmed have a set 
of capabilities that intersect those of people. People are 
better than computers at most things: however, computers, 
airplanes, refrigerators, and super-novae are better than 
people at such tasks as generating random numbers, fly- 
ing, keeping cool, and blowing up. What is unusual about 
computers is that the scope of their capability is steadilv 
encompassinsr more and more of an area previously lim- 
ited to human intelectual activity. 

The Big Picture of the Far Future 

If we assume that the development of artificial intelli- 
gence will take place, how can we form a coherent picture 
of our place and its place in the great scheme of things? 

It seems reasonable to consider that artificial intelli- 
gence. is a next step in the evolutionary process. Once 
there was a prototype land creature that crawled out of 
some primeval ocean; most primitive in comparison with 
a more advanced creature such as a sabre-tooth tiger — 
and once there was a prototype intellectual creature 
(that’s us), and we will seem most primitive in compari- 
son with what is to come! However, instead of partici- 
pating in evolution by merely serving as a runner in a 
genetic message relay race, we can choose the great dis- 
tinction of directly employing our primitive yet unique 
intellectual talent to the task of evolution. 

We have conceivably arrived at the notion of the 
’’next step in evolution” by trying to fit the future de- 
velopment of Artificial Intelligence into the over-all scheme 
of things. Joshua Lederberg, a Nobel prize-winning 
geneticist at Stanford University, gave some attention to 
the problem of guessing the characteristics of that species 
that will evolve from mankind. He arrived at the con- 
clusion that it would be Artificial Intelligence. 
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How do we proceed with this great task? J. CL 
lider’s position in 1959 was that we should coi 
on the development of Man-Computer Symbiosisj 
tern in which men and machines would form a c 
intellectual team, each complementing the capab 
the other. Then, when so equipped, we could m 
effectively tackle Artificial Intelligence. 

After the ascendency of A.I., it seems that 
intellectual skills will no longer be very useful 
solution of problems. Today, man is hardly 
i intellectual capability he has. How ironic it 
to pass through our span as the dominant 
Earth’s evolutionary tree, without ever realizing' 
potential for intellectual creativity! 

By means of a symbiotic relation %vith the ca 
that we now know how to implement in compu 
can not only proceed with the task of creating / 
we can reach for and achieve human creativity at 
and level never before attained. We could adv; 
areas of science and art as partners in intellectual 
that complement and reinforce our correctable w> 
and that make use of all our inherent creativity. 

With computable wings we could soar to 
Phoenix. 
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NOTES 

i "A Time-Sharing Debugging Svstem for a Small ( 

Boilcn. E. Fredkin. J. McCarthy, and J. C. R. Licklider, 
of the Spring Joint Computer Conference. 1963. 

- LISP .a programming system for computing recursive, 
of symbolic expressions). J. McCarthy, et at., the MIT Press, i 
1962. 

3 " The Compatible Time-Sharing Svstem. A Programme*'* 
Fernando Corbatd. el at.. The MIT Press. Cambridge, 1963. 

4 This assumes, of course, thar each of the processors w 
ing sepameiv with its own program or group of program*— mm. 
normally be the case in .a multiple-user time-sharing system, 
be noted, nowever. that if only one large program were : 
collective processing rate might be either slower or faster i 
a single very fast processor. 

5 By • pure procedure.” we mean a program in which all 
able only to specific users has been segregated from the prt 
The "pure” program is available to all users: specific data 
bv the user > program and is located in the user’s own allocated* 
areas. All parameters, variable, and modifications take place- 
users own memory area. Thus a pure procedure remains i 
by specific users even during the course of operation. ajj 

o "Man-Computer Symbiosis.” by J. C. R. Licklider. in IRE. 
tions on Human Factors in Electronics. March. 1960. -i§ 

7 "Time Sharing in Large. Fast Computers," C. Strachey. 
ings of the International Conference on Information Pro 
UNESCO. Paris. 15-20 June. 1959. 

3 "Sur certains aspects de la conception logique du Gamma 
J. Bosset. ibid. 

0 Marvin Minsky and the author, one evening in 1961 in 
California, called on Richard Feynman, physicist at Califi 
stitute of Technology. We had a far-ranging discussion that i 
settling on how computers could be better than pencil and 
aiding mathematicians in symbolic manipulation. We all felt 
was a good idea, and in the course of the evening (and early : 
developed in some detail the concept of the Mathematical La 
Since that time, the three of us have actively pursued this 
man has worked with Glenn Culler, of the University of I 
Santa Barbara, in areas associated with numerical and gra 
niques. And our organization. Information International, 
veloped a wide range of techniques in the field of number^ 
See "Computer Aids to Number Theory,” by Malcolm PivarT’ 1 
published in the Fall 1963 Proceedings of the DECUS use** 
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(Note: This article is based in part on research in time : 
at Information International, Inc. and supported by the 
Research Projects Agency of the U. S. Department of Defense.] 


COMPUTERS and AUTOMATION for November^ 



you can get an NCR 315 Computer 
System for only $3800 per month? 


YES . . . five magnetic tape handlers, a punched 
paper tape reader, a high-speed printer, a console, 
and a processor containing a 10-thousand character 
memory for only $3800 per month. 

With this NCR 315 computer system more busi- 
nesses than ever before can enjoy the benefits of 
electronic data processing. It is a system that is ex- 
par ible — up to 16 NCR CRAM (Card Random 


Access Memory) files, up to four magnetic character 
sorters, up to three more magnetic tape files, and a 
punched card input/output unit can be added as 
future requirements dictate. 

There's more we could say about this system . . . 
space does not permit. Give your local NCR Repre- 
sentative a call ... he has all the facts. 


Did you know . . . 


«•» TOTAL 

Circle No. 11 on Readers Service Card J. 


NCR 


, 21 
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